Abstract: In this paper, the problem of non-regular static state feedback linearization of nonlinear switched systems is considered. Using semi-tensor product, some easily verifiable sufficient conditions for non-regular feedback linearization are obtained. Then an example is presented to illustrate the non-regular linearization process.
INTRODUCTION
In recent years the investigation of switched control systems becomes a hot topic in control community , Sun (2005) . The two main topics considered are stabilization and controllability. Lyapunov theory and its inverse theory for switched systems are the key for stability and stabilization Dayawansa (1999) , . A particular attention has been paid to the quadratic Lyapunov function for switched linear systems Agrachev (2001) , Shorten (2003) , Cheng (2003) . Some results have also been obtained for stabilization of switched systems Zhao (2001) , , Cheng (2004) , Cheng (2005) . As a generalized Lyapunov approach, LaSalle's invariance principle has also been extended to switched systems Hespanha (2004) .
The second major topic is the controllability. For switched linear systems, certain necessary and sufficient conditions for global controllability have been revealed , Xie (2003) . When the system is not completely controllable, the controllable submanifolds are investigated in Cheng (2006) .
There are also some results about switched nonlinear systems, e.g., Vu (2005) , Cheng (2005) , Mancilla-Aguilar (2006) . But comparing with linear case, there are less systematic control techniques for nonlinear switched systems.
One of the most powerful tools to treat nonlinear systems is the linearization technique. We refer to Isidori (1995) for some classical linearization approaches, and to Cheng (2004) , Sun (1997) , and the references therein for non-regular state feedback linearization.
Similar to nonlinear systems, if a switched nonlinear system is state feedback linearizable, both the controllability and the stabilizability problem are solved. This is the motivation for current work.
We first review some preliminaries for later investigation: (Arnold (2001) )Consider a C ω dynamic systeṁ
where f i (x), i ≥ 2 are ith degree homogeneous vector fields. If A is non-resonant, there exists a formal change of coordinates x = y + h(y), where h(y) corresponds to the sum of possibly infinite homogeneous vector polynomials
The following proposition provides a sufficient condition for non-resonance. Proposition 2. (Devanathan (2001) 
We give the following assumption:
A.1 A is a diagonal matrix with distinct diagonal elements and is non-resonant. Definition 3. (Cheng (2004) For the completeness, we define Γ n 1 as following, Proposition 4. (Cheng (2004) 
where is the Hadamard product of matrices.
Here and in the following the matrix product is assumed to be semi-tensor product, which is briefly reviewed in Cheng (2002) .
Note that if A is a non-resonant and simple matrix, then there is a non-singular matrix T such that T AT −1 satisfies A.1. Proposition 5. (Zhong (2007) ) Let A be non-resonant and T AT −1 be a diagonal matrix, then
whereF
Using semi-tensor product , we can express system (1) aṡ
where
Then we have the following result: Theorem 6. (Cheng (2004) ) Assume A satisfies A.1. Then system (3) can be transformed into a linear forṁ z = Az by the following coordinate transformation:
where E i are determined recursively as
The paper is organized as follows: In Section 2 some sufficient conditions for non-regular feedback linearization are given. An illustrative example is presented in Section 3. Section 4 is a conclusion.
NON-REGULAR STATE FEEDBACK LINEARIZATION
In this section we consider non-regular state feedback linearization of nonlinear switched systems.
Consider the following systemṡ
where 
via state feedbacks
Using Heymann's Lemma (Heymann (1968) ), it is easy to prove the following: Lemma 8. System (4) is said to be non-regular static feedback linearizable, iff it is single-input linearizable, i.e. linearizable by control (6) with m×1 vectors β λ (x), λ ∈ Λ.
Consider an affine nonlinear systeṁ
Lemma 9. (Sun (1997) 
Now consider the linearization of system (4). Denote First, we consider system (3) with A is simple and nonresonant. Then there exists a non-singular matrix T such thatÃ := T AT −1 satisfies A.1. Then under the linear coordinate transformation y = T x, system (3) can be expressed asẏ
Similar to Theorem 6, we can prove the following : Proposition 10. System (9) can be transformed into a linear formż =Ãz by the following coordinate transformation:
whereẼ i are determined recursively as
Now letz = T −1 z, then we havė
Using Proposition 10, we have :
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In the following, we consider the non-regular linearization of system (4). Theorem 12. System (4) is non-regular state feedback linearizable, if
, λ ∈ Λ are completely controllable, where
Proof. First, using Taylor series expression on f λ (x), λ ∈ Λ with the form of semi-tensor product, we can express system (4) aṡ
wherẽ
Using Proposition 10 and condition (iii), we can transform (11) intoż
via the coordinate transformation
From (iv), we know there exist constant vectors b λ , λ ∈ Λ of non-zero component such that
that is equivalent to
where ω is the input control. Then system (12) can be transformed intoż
So system (4) is single-input linearizable. 2
ILLUSTRATIVE EXAMPLE
Example 13. Consider the linearization problem of the following systeṁ
is the switching signal, the two switching modes are respectively as
and
We first consider the non-regular state feedback linearization for the first mode. It is easy to get
Using state feedback
Therefore (14) can be expressed as Under coordinates z, (17) can be expressed as  
Obviously, there is a constant vector b of non-zero component such that 
is transformed intȯ
where w is the control input.
In the following, we consider mode 2.
It is easy to get 
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